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Previews
unable to bind monomeric and filamentous actin and isWinging It—Actin on the Fly
therefore inactive. For these reasons, the identity of the
proteins and pathways responsible for the phosphoryla-
tion and dephosphorylation of cofilin/ADF on Ser3 have
been hotly pursued for many years. PP1 and PP2A wereHow actin dynamics might be regulated to generate
thought to be the best candidate for cofilin/ADF phos-specific cellular structures during development re-
phatases because they physically associate with cofilin/mains something of a mystery. New insights may be
ADF and are able to remove the inhibitory phosphate.gained from the recent identification of a conserved
However, the evidence is not conclusive (Bamburg,cofilin phosphatase, Slingshot, which modulates actin
1999). For instance, in Drosophila bristles a specific in-dynamics to help control Drosophila wing hair mor-
hibitor of these phosphatases (okadaic acid) has nophogenesis.
effect on the number of actin filaments. Niwa et al. now
provide compelling evidence that Slingshot is the genu-If asked how something as elegantly simple as the hair
ine article, a cofilin/ADF phosphatase. In the mutant,on the wing of a fly is constructed, biologists may find
loss of Slingshot reduces the cellular pool of active,themselves, arms in the air, invoking “actin dynamics”.
dephosphorylated cofilin. The resulting imbalance in ac-In eukaryotes, the actin cytoskeleton plays a pivotal role
tin polymerization versus cofilin-dependent filament dis-in many morphogenetic processes generating the forces
assembly leads to the formation of excessive amountsrequired for cell shape changes through polymerization,
of filamentous actin. This disrupts hair and bristle mor-using energy derived from the intrinsic ATPase activity
phogenesis, giving many mutant wing hairs a character-of actin filaments, and by acting as a scaffold for myosin
istic form and the gene its name (see Figure). Moreover,motors. Actin is tailored to specific purposes by a con-
Niwa et al. show that Drosophila and human Slingshotserved set of actin binding proteins that modulate the
homologs act directly on phosphorylated cofilin/ADF inrate of actin filament formation and filament disassem-
vivo and in vitro.bly (Pantaloni et al., 2001). Actin filaments are then
In mammalian cells, LIM kinases (LIMKs) have beenbranched and crosslinked to form a supramolecular cy-
shown to phosphorylate cofilin/ADF on Ser3, and Niwatoskeletal network. However, it is still unclear how actin
et al. confirm that LIMK is likely to be the kinase counter-regulatory proteins cooperate to generate the diverse
part to Slingshot in Drosophila. LIMKs are themselvesactin structures observed in vivo.
activated by phosphorylation on Thr505 by one of sev-Mutations in several important actin regulators have
eral protein kinases (RhoK, PAK, and MRCKalpha ki-been identified in the fruit fly. These include mutations
nases) in response to GTPase signaling (Sumi et al.,in profilin, cofilin, a cofilin homolog (twinfilin), an actin-
2001). Thus, parallel linear pathways are beginning tofilament capping protein (Cpb), and an actin-monomer
emerge which link signaling through Rho, Rac, andsequestering protein (CAP). Profilin promotes the elon-
Cdc42, via LIMK and cofilin/ADF phosphorylation, togation of actin filaments by promoting the addition of
reorganization of the actin cytoskeleton. With the isola-ATP-actin monomers to the fast-growing filament end,
tion of Slingshot, it will now be possible to determinewhile cofilin promotes filament disassembly, by catalyz-
whether cofilin phosphatase activity is regulated in aing the release of ADP-actin monomers from the slow-
similar way in response to signaling. This seems plausi-growing end and, perhaps, by facilitating the loss of
ble because cofilin/ADF is rapidly dephosphorylatedfilament branches (Bamburg, 1999). Interestingly, al-
and activated in response to a specific morphogeneticthough each Drosophila mutation perturbs a different
stimulus in many cell types (Bamburg, 1999), e.g., follow-step in the cycle of actin polymerization and disassem-
ing the fertilization of a Xenopus oocyte and after treat-bly, they all disrupt hair and bristle morphology. This
ment of a resting thyroid cell with thyrotropin. Therefore,suggests a role for actin filament dynamics in the or-
when considering a function for Slingshot (and the 80chestration of Drosophila wing hair morphogenesis (see
other Drosophila protein phosphatases), we should notFigure) (Tilney et al., 2000; Turner and Adler, 1995). In
simply assume that the phosphatase is part of a “feed-the January 25 issue of Cell, Niwa et al. report the identifi-
back mechanism” that helps to return a cell to equilib-cation of a novel regulator of actin filament dynamics,
rium following GTPase signaling. In some instances, theSlingshot, in a screen for mutations that disrupt the
phosphatase may be stimulus responsive and the “rest-shape of Drosophila wing hairs (Niwa et al., 2002). Niwa
ing state” maintained by constitutive protein kinase ac-et al. show that Slingshot is a conserved protein phos-
tivity! More probably, precise changes in the rate of actinphatase that modulates actin organization by removing
filament disassembly during development are likely toan inhibitory phosphate from cofilin.
be brought about by the coordinated regulation of cofi-Cofilin/ADF is phosphorylated on Ser3 in many organ-
lin/ADF phosphatases and kinases, as suggested exper-isms (Bamburg, 1999), and, in several cell types, the
imentally by observed changes in the rate of phosphateextent of cofilin/ADF phosphorylation changes dramati-
turnover on cofilin/ADF without concomitant changescally within minutes of an extracellular stimulus (Aizawa
in the overall level of cofilin/ADF phosphorylation (Bam-et al., 2001). The phosphorylation and dephosphoryla-
burg, 1999).tion of cofilin in this context are likely to be physiologi-
cally significant because, once modified, cofilin/ADF is In the future, it will be important to systematically
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Regulation of Actin Dynamics during Dro-
sophila Hair and Bristle Morphogenesis
During Drosophila development, single hairs
form at the apical, distal surface of wing epi-
thelial cells. The hair is built on a scaffold
of actin filaments, at a site determined by
intercellular signaling. Slingshot is an evolu-
tionarily conserved cofilin phosphatase that
is likely to be an important component of Rho
family GTPase signaling pathways, which
regulate cofilin phosphorylation, actin organi-
zation, and morphogenesis in many systems.
In Slingshot mutant cells (ssh), cofilin, a pro-
tein that promotes the disassembly of actin
filaments, is inactivated by LIMK-mediated
phosphorylation. This deregulates actin dy-
namics and disrupts hair morphogenesis.
search for other Slingshot substrates. Since the func- in response to signaling during prehair formation. In
tional specificity of a protein is influenced by its subcel- conclusion, the discovery of a novel, conserved cofilin/
lular localization, it is interesting to note that Slingshot, ADF phosphatase, Slingshot, with a role in morphogene-
like LIMK, appears to bind directly to actin filaments. In sis is likely to raise a few eyebrows!
Drosophila, other likely Slingshot targets include the two
cofilin/ADF homologs, twinfilin and the uncharacterized
Buzz Baumgene CG6873. Finally, it remains to be seen whether
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Biologymalian cells that contribute to the in vivo dephosphoryla-
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ization of actin filaments and the orderly crosslinking of
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Huntington’s disease (HD) is an autosomal dominantHip1 and Hippi Participate in a
progressive neurodegenerative disorder characterizedNovel Cell Death-Signaling Pathway by neuronal cell loss primarily in the cortex and striatum.
Neurons stained by TdT-mediated dUTP-X nick end la-
beling (TUNEL) have been observed in vulnerable re-
gions of HD brains, suggesting that cell death in this
disease occurs through apoptosis (Dragunow et al.,Neuronal apoptosis is a cardinal feature of late-onset
1995). HD is caused by an expanded polyglutamineneurodegenerative disorders such as Alzheimer’s and
(polyQ) tract located at the N terminus of huntingtin, aHuntington’s disease. Biochemical and cell biological
protein of unknown function. To date, the molecularstudies point to a role for Hip1 and Hippi in caspase-8
mechanisms of how the elongated polyQ tract in hunt-activation and the initiation of apoptosis during the
pathogenesis of Huntington’s disease. ingtin causes selective neurodegeneration in HD are
